Introduction
Fibrates have been used for the treatment of hypertriglyceridemia, with or without concomitant low levels of HDL cholesterol (HDL-C), for more than 40 years. Their efficacy, particularly in individuals with significant elevations in plasma triglycerides, has been well defined. The mechanism underlying the triglyceride-lowering effect of the fibrates has been carefully studied but is less well characterized. Increased fractional catabolism of very low-density lipoprotein (VLDL) triglycerides secondary to increased lipoprotein lipase activity is thought to be the major mechanism of triglyceride lowering, although reduced VLDL secretion (measured by appearance of VLDL apolipoprotein B in the circulation) has also been observed [1] [2] [3] [4] . HDL-C increases with fibrate treatment but often in the absence of changes in apolipoprotein A-I. The mechanisms underlying these effects on HDL are also poorly defined; both increased apolipoprotein A-I production and increased fractional clearance have been reported during fibrate treatment [4] . Effects of fibrates on LDL metabolism and LDL-C levels are complex and dependent on the pretreatment levels of VLDL triglycerides [1, 5] .
Fibrate therapy and cardiovascular outcomes before ACCORD
There is a long history of studies examining the effects of fibrates on cardiovascular disease (CVD) events. Indeed, six major randomized clinical trials examined the impact of fibrate monotherapy on CVD events prior to Action to Control Cardiovascular Risk in Diabetes (ACCORD) [6] [7] [8] [9] [10] [11] (Table 1 ). The impact of fibrate therapy on the primary study outcome, major CVD events, was variable, with three of the studies demonstrating a significant impact on CVD events in the study population as a whole and three showing no significant overall effect. In reviewing these studies, it is apparent that there were significant differences with regard to the population studied in each of these studies. The Helsinki Heart Study (HHS) and the Veterans Administration HDL Intervention Trial (VA-HIT) were conducted exclusively in males and included a low percentage of minority participants,
Purpose of review
To examine the results of the Action to Control Cardiovascular Risk in Diabetes (ACCORD)-Lipid trial, particularly the subgroup analyses. It is important, when a study fails to meet its overall primary endpoint, to ensure that interpretation of the results include analyses of subgroups that might benefit from the treatment tested. The goal of this review, therefore, is to provide insight and advice to physicians and healthcare workers treating patients similar to those enrolled in ACCORD.
Recent findings
The recently published results of ACCORD-Lipid trial will be presented upon the background of previous trials that have tested the ability of fibrates to lower cardiovascular risk. Summary Although ACCORD-Lipid trial did not provide support for the general addition of fenofibrate to statin-treated patients with type 2 diabetes mellitus (T2DM), it added significantly to the results from fibrate monotherapy trials indicative of benefit from such treatment in subgroups of patients who present with significant dyslipidemia. In particular, ACCORD-Lipid trial, in our view, supports the addition of fenofibrate to statin therapy in patients with T2DM and optimal low-density lipoprotein cholesterol levels but persistent, significant hypertriglyceridemia (>200 mg/dl) and low high-density lipoprotein cholesterol levels (<35-40 mg/dl). whereas the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) included a significant number of females. Both HHS and VA-HIT used entry criteria that enhanced recruitment of participants with low HDL-C and hypertriglyceridemia. Additionally, although VA-HIT and HHS included some participants with type 2 diabetes mellitus (T2DM), FIELD was conducted exclusively in patients with T2DM; T2DM was an exclusion criterion in the Bezafibrate Infarction Prevention trial (BIP). On the contrary, VA-HIT, BIP, and HHS included a high percentage of participants with metabolic syndrome. Of course, none of these trials was conducted on the background of statin treatment.
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Rationale and design of ACCORD-Lipid trial
The ACCORD study examined the effect of intensive treatments of blood glucose, blood pressure, and lipids on CVD events in a population of patients with T2DM who were at high risk for such events [12] . ACCORD-Lipid trial was one of three interventions in the overall ACCORD trial; the results of each intervention were published separately [13, 14, 15 ] . ACCORD-Lipid trial tested the hypothesis that in the context of good glycemic control of patients with T2DM, a strategy that used combination therapy with a fibrate and statin to increase HDL-C and decrease triglyceride in addition to LDL-C lowering would reduce CVD risk more than a strategy that used statins alone to lower LDL-C [15 ] . The fibrate used in ACCORD-Lipid trial was fenofibrate and the statin was simvastatin.
In ACCORD-Lipid trial, 5518 patients with T2DM who were treated with simvastatin, 20 or 40 mg/day, were also randomly assigned to receive fenofibrate or placebo. The average follow-up was 4.7 years, and the primary cardiovascular endpoint was the difference in fatal and nonfatal coronary heart disease and stroke between the fenofibrate and placebo groups. There were a number of secondary endpoints as well as 10 predetermined subgroup analyses based on baseline characteristics [15 ] .
The rationale for ACCORD-Lipid included the high incidence of atherosclerotic CVD in patients with T2DM [16] [17] [18] that remains significant despite treat-ment with either statin or fibrate monotherapy [19] [20] [21] [22] . The high prevalence of hypertriglyceridemia and low HDL-C among patients with T2DM [23, 24] and the efficacy of combination therapy with a fibrate and statin for this dyslipidemia [25] were additional considerations.
ACCORD-Lipid also allowed a detailed examination of the safety of combined fenofibrate-simvastatin therapy. Reports of myositis and rhabdomyolysis in patients treated with combined statin-fibrate therapy, particularly the combination of statin and gemfibrozil, have led to concerns over the safety of this combination [26, 27] . With more than 5000 patients participating, half of whom were assigned to combination treatment with simvastatin and fenofibrate, ACCORD-Lipid represented more than 25 000 patientyears of exposure, allowing for a detailed assessment of the safety of this combination of lipid-altering medications.
Effect of fenofibrate on plasma lipoproteins in ACCORD-Lipid trial
Fenofibrate therapy was associated with a fall in plasma triglyceride levels from 189.0 to 149.0 mg/dl between baseline and the first annual visit, a 21% decrease 56 Special commentary
Key points
The ACCORD-Lipid trial tested the hypothesis that the addition of a fibrate to lower plasma triglycerides and increase plasma HDL cholesterol levels in statin-treated patients with type 2 diabetes mellitus would provide benefit compared to the use of statin alone to lower LDL cholesterol. The overall result of ACCORD-Lipid trial was negative; the combination of fenofibrate and simvastatin did not lower the rate of the primary composite endpoint of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, compared to treatment with simvastatin plus placebo. A prespecified subgroup analysis indicated that participants with triglyceride levels in the upper third and HDL cholesterol levels in the lower third at baseline (dyslipidemic group) had a much higher rate for the primary outcome than did all other individuals and fenofibrate treatment reduced the primary outcome by 32% in this group. [7] 1978 Clofibrate 20% (P < 0.05) Helsinki Heart Study (HHS) [8] 1987 Gemfibrozil 34% (P < 0.02) VA HDL Intervention Trial (VA-HIT) [9] 1999 Gemfibrozil 22% (P < 0.006) Bezafibrate Infarction Prevention Study (BIP) [10] 2000 Bezafibrate 7.3% (P ¼ 0.26) Fenofibrate Event lowering and Intervention in Diabetes (FIELD) [11] 2005 Fenofibrate 11% (P ¼ 0.16)
Randomized Clinical Trials Prior to ACCORD-Lipid. These are the major cardiovascular endpoint trials prior to ACCORD-Lipid that tested the efficacy of fibrate monotherapy to reduce cardiovascular (CVD) events. [15 ] . Triglyceride levels remained in this range throughout the follow-up period in the fenofibrate group. Triglyceride levels in the placebo group were only 1.0% lower at the end of the first year, but trended lower over the remainder of the trial such that by the final visit triglycerides were 8.7% lower than baseline. Thus, there was a 13.5% relative difference between placebo and fenofibrate groups at the end of the study. HDL-C increased from 38.0 to 40.4 mg/dl during the first year of treatment, an increase of 6.3% (2.4 mg/dl absolute change) in the fenofibrate treatment group [15 ] , and this was maintained throughout the follow-up period (range 40.2-41.2 mg/dl). In the placebo group, HDL-C levels increased from 38.2 to 39.4 mg/dl by 1 year, a 3.1% increase from baseline (1.2 mg/dl absolute increase). However, HDL-C levels continued to increase during the course of the full trial and the relative difference in HDL-C between the fenofibrate and placebo groups had narrowed to 1.7% (0.7 mg/dl absolute difference) by the end of the trial [15 ] . The differences between fenofibrate and placebo were highly significant for both triglyceride and HDL-C concentrations. Plasma levels of LDL-C were 10.8% lower in both groups at the first annual visit and progressively decreased as statin therapy was intensified over the remainder of the trial (range 77.7-83.0 mg/dl) during the third to seventh annual visits; LDL-C levels did not differ between the fenofibrate and the placebo groups [15 ] .
Safety and tolerability of combination fenofibrate-simvastatin therapy in ACCORD-Lipid trial
In ACCORD-Lipid, more than 40% of participants reported muscle symptoms during the trial; however, the number reporting such symptoms was essentially identical in both the fenofibrate and placebo groups (40.1 vs 40.5%, respectively). Importantly, such complaints were very rarely associated with elevation in creatine phosphokinase (CPK) in either group (0.04 vs 0.07%, respectively). Myositis reported as an adverse event was also extremely infrequent in both groups (0.1%), as were elevations of CPK greater than 10Â upper limit of normal (0.4 and 0.3%, respectively). These data indicate that combination therapy with fenofibrate and simvastatin did not increase the risk of myopathy. There were no signals for other potential adverse effects associated with fibrate therapy. In particular, reports of gallbladder-related events did not differ between the groups and there were no reported thromboembolic events. Elevations of liver enzymes did occur more frequently in the fenofibrate group, but the overall incidence was low (0.6 vs 0.2%).
Moderate, reversible increases in serum creatinine levels, particularly in patients with moderate renal insufficiency, can occur during fenofibrate therapy. The mechanism underlying the increase in plasma creatinine is unknown.
In ACCORD-Lipid trial, serum creatinine elevations occurred approximately twice as often in fenofibratetreated patients compared to patients receiving placebo [15 ] . This effect of fenofibrate was also observed in the FIELD trial [11] . However, when creatinine levels were measured 8 weeks after completion of fenofibrate treatment in FIELD, they had returned to levels comparable to those seen in placebo-treated controls [11] . Thus, the effect of fenofibrate upon serum creatinine appeared to be reversible. Similar analyses are being conducted in ACCORD. In addition, in ACCORD-Lipid trial, the postrandomization incidence of microalbuminuria and macroalbuminuria was lower in the fenofibrate treatment group (38.2 and 10.5% vs 41.6 and 12.3% in fenofibrate and placebo-treated participants, respectively; P ¼ 0.01 and 0.03).
Effect of combination therapy on cardiovascular outcomes in ACCORD-Lipid trial
The primary outcome of ACCORD was the occurrence of fatal CVD events, nonfatal myocardial infarction, and stroke. Over an average of 4.7 years of treatment the rate of these CVD events was 2.24% per year in the fenofibrate group vs 2.41% per year in the placebo group (hazard ratio 0.92, 95% confidence 0.79-1.08, P ¼ 0.32) [15 ] . Outcomes were similar in the several secondary endpoints, including total mortality. It must be concluded, therefore, that the widespread use of fenofibrate as an adjunct to statin therapy in patients with T2DM at high risk for CVD events is not beneficial.
ACCORD, however, studied a very heterogeneous population of patients, including significant numbers of women, minorities, and participants with a wide range of baseline lipid levels; response to fenofibrate may have differed within each of these groups. In addition, age, the presence of prior CVD, or assignment to intensive vs standard glycemic therapy may have affected outcomes in the fenofibrate-simvastatin group. Therefore, the primary CVD outcome was examined for heterogeneity in response to therapy in 10 prespecified subgroups based on these baseline characteristics [15 ] . There was no significant heterogeneity of response in terms of the primary endpoint to fenofibrate treatment in subgroups defined by age, prior CVD, or glycemic therapy arm assignment. Nor was there an indication of heterogeneity of response when the primary outcome was examined by tertiles of baseline LDL-C, or HDL-C, or triglyceride levels, or by baseline HbA1c above and below the median for the entire study cohort. In contrast, there was evidence of heterogeneity of response by gender and race, with men and whites appearing more likely to benefit compared to women and nonwhites [15 ] (Table 2 ). Furthermore, there was a strong suggestion of heterogeneity in response to treatments when participants with dyslipidemia, defined by the combination of baseline plasma triglyceride concentrations in the top third (!204 mg/dl) and HDL-C in the bottom third ( 34 mg/ dl), were compared to all other participants. The CVD event rate was very high in dyslipidemic patients receiving placebo compared to placebo-treated patients who did not have dyslipidemia (17.3 vs 10.1%) and that rate was reduced by 32% with fenofibrate treatment [15 ] ( Table 2) . Thus, in this dyslipidemic subgroup, comprising 17% of the ACCORD-Lipid cohort, combination therapy with fenofibrate and simvastatin appeared to reduce CVD events. Of note, the male-female dichotomy in CVD events was not apparent within the hypertriglyceridemia-low HDL-C subgroup [15 ] .
Subgroup analyses examining interactions or heterogeneity of response to an intervention must always be interpreted with great caution, even when they have been specified at the start of the study. First, there is often insufficient statistical power to observe such interactions. Additionally, the large number of subgroup analyses that are typically performed, when added to the primary and several secondary analyses, requires significant statistical penalties that can negate nominally significant P values. It is clear, therefore, that any interactions observed in such analyses should raise hypotheses that could be tested in future studies. However, in the absence of data from additional studies designed specifically to test hypotheses raised by subgroup analyses, one can potentially gain insights by examining subgroup analyses performed in similar trials. In the case of ACCORD-Lipid trial, and the suggestion that dyslipidemic patients did benefit Data are percentage of participants experiencing major cardiovascular events and number in group. a HTG/L-HDL ¼ combined hypertriglyceridemia (triglyceride !204 mg/dl) and low HDL-C ( 34 mg/dl). Reproduced with permission from ACCORD-Lipid trial [15 ] . Normal TG Normal HDL-C Either high TG or low HDL-C Both high TG and low HDL-C Data are incidence of cardiac endpoints by combined categories of triglyceride and HDL-cholesterol at baseline. The P value was derived using Cox regression models with age as a covariate. , gemfibrozil; , placebo. Adapted with permission from [29] . TG, triglycerides.
from combined fenofibrate-simvastatin therapy, we focused on HHS, VA-HIT, BIP, and FIELD.
In HHS, a placebo-controlled primary prevention trial conducted in 4081 asymptomatic Finnish male postal and railway workers, gemfibrozil treatment resulted in a significant 34% reduction in the occurrence of the primary endpoint of myocardial infarction and coronary heart disease death [8] . Post hoc analyses indicated that the benefit of gemfibrozil treatment was greatest among those with hypertriglyceridemia [8, 28] , particularly in a subgroup of participants with hypertriglyceridemia, low HDL-C, and BMI greater than 26 [29] (Fig. 1 , Table 3 ).
VA-HIT was a placebo-controlled secondary prevention trial of gemfibrozil treatment conducted in 2531 men with low HDL-C as their primary lipid abnormality [9] . Gemfibrozil treatment was associated with a reduction of 22% in the combined primary endpoint of myocardial infarction, coronary heart disease death and stroke following 5 years of gemfibrozil treatment. Post hoc analyses suggested both increased risk and greater response to gemfibrozil among those with extremely low HDL-C ( 33.5 mg/dl) and among those with high triglyceride (>180 mg/dl) [31] . The 769 VA-HIT participants with T2DM experienced a roughly two-fold higher occurrence of CVD events and gemfibrozil use resulted in a signifi-cant 32% reduction in major CVD events in those with T2DM [22] ; the greatest reduction in CVD events occurred among those within the highest quartile of fasting plasma insulin [22] (Fig. 2) . Thus, in VA-HIT, even in the presence of uniformly low HDL-C, the presence of insulin resistance and hypertriglyceridemia identified a subgroup with higher risk and greater risk reduction with fibrate therapy [32] .
In BIP, which was a secondary prevention trial conducted in 3090 patients (90% men), bezafibrate therapy over 6.2 years resulted in a nonsignificant 7.3% reduction in nonfatal and fatal myocardial infarction and sudden cardiac death. However, those entering the trial with a triglyceride greater than 200 mg/dl experienced a significant 39% reduction in the primary study endpoint [10] ( Table 3 ). Significant benefit was also seen in BIP participants meeting the definition of metabolic syndrome [33] . Thus, in BIP the presence of hypertriglyceridemia and other components of the metabolic syndrome predicted CVD event reduction with bezafibrate therapy.
FIELD was a placebo-controlled trial using fenofibrate in 9795 patients with T2DM, most of whom were classified as primary prevention [11] . In the overall cohort, fenofibrate treatment was associated with a nonsignificant 11% overall reduction in the primary outcome of first myocardial [10] À7.3% (0.24) TG >200 mg/dl À39.5% (0.02) FIELD (Fenofibrate) [11, 30 ] À11% (0.16) TG !204 mg/dl HDL-C ¼ <40 mg/dl b À27% (0.005) ACCORD (Fenofibrate) [15 ] 8% (0.26) TG !204 mg/dl HDL-C ¼ <34 mg/dl À31% Data are percentage reduction in the occurrence of the primary cardiovascular endpoint of each study respectively in the entire cohort and in a subgroup defined by the presence of low HDL-C and/or hypertriglyceridemia upon entry into the study. TG, triglycerides. a HHS subgroup further defined by the presence of BMI >26 kg/m 2 . b In FIELD, low HDL-C defined as <40 mg/dl in men and <50 mg/dl for women. Figure 2 Fasting plasma insulin as a predictor of risk reduction with gemfibrozil treatment in VA-HIT Hazard ratios for major cardiovascular events with gemfibrozil compared to placebo by fasting plasma insulin (FPI quartiles in VA-HIT patients without diabetes (n ¼ 1733). Adapted with permission from [22] . infarction or coronary heart disease death [11] . In subsequent post hoc analyses of the influence of various components of the metabolic syndrome on CHD outcomes in FIELD a subset (20.6%) of participants with the baseline characteristic of combined low HDL-C (<40 mg/dl in men and <50 mg/dl in women) and hypertriglyceridemia (>204 mg/dl) experienced 27% fewer CVD events with fenofibrate treatment [30 ] (Table 3) .
These post hoc analyses are supported by recent publication-based meta-analyses of fibrate studies which suggested that fenofibrate was significantly more efficacious in individuals with high baseline triglycerides and low HDL levels [34, 35] .
Conclusion
The post hoc subgroup analyses summarized above, together with the data from a dyslipidemic subgroup defined a priori in ACCORD-Lipid trial, provide consistent evidence supporting the hypothesis that individuals with hypertriglyceridemia and low HDL-C levels can benefit from fibrate monotherapy or fibrate-statin combination therapy. Additional characteristics predictive of benefit from fibrate treatment may be insulin resistance/metabolic syndrome. Thus, in contrast to statins, which effectively reduce CVD risk across a wide range of LDL values, the cardiovascular benefit of fibrates may be concentrated in a specific population of patients, that is those with hypertriglyceridemia and low HDL-C. We believe, therefore, that although ACCORD-Lipid did not provide support for the general addition of fenofibrate to statin-treated patients with T2DM, it added significantly to the results from fibrate monotherapy trials indicative of benefit from such treatment in a significant subgroup of T2DM who present with significant dyslipidemia. In particular, ACCORD-Lipid trial, in our view, supports the addition of fenofibrate to statins in patients with optimal LDL-C levels but persistent significant hypertriglyceridemia (>200 mg/dl) and low HDL-C levels (<35-40 mg/dl).
